Certain evidence suggests a role for histone H2AX, quences was "cleanly" deleted via the loxP/Cre method a mammalian core histone H2A variant, in sensing or (Bassing et al., 2002a). These mice differ from another processing DSBs. H2AX represents, on average, about H2AX-deficient strain in which a drug-resistance marker 15% of the cellular H2A pool and is randomly incorporeplaced H2AX (Celeste et al., 2002) , but appear similar rated into nucleosomes (Rogakou et al., 1998) . DSBs with respect to published aspects of phenotype includcause rapid H2AX phosphorylation (a form called ing smaller size, reduced lymphocyte numbers, and im-␥-H2AX) along flanking megabase chromatin regions paired CSR (data not shown). To determine whether (Rogakou et al., 1998 . H2AX contains a conserved H2AX-deficiency resulted in increased cancer predispocarboxy-terminal SQE motif that is the consensus target sition, we followed cohorts of 26 H2AX Table S2 ). A which may contribute to repair of DSBs at G1, S, or G2 single H2AX ⌬/⌬ thymic lymphoma analyzed by spectral checkpoints. H2AX-deficient cells are IR sensitive, have karyotyping (SKY) harbored a clonal C14;16 translocation increased genomic instability, and show impaired for-( Figure 2D ; Supplemental Table S3 To test potential cooperation between p53 and H2AX H2AX-deficient mice are small, and males are sterile in tumor suppression, we bred H2AX ϩ/⌬ mice with (Celeste et al., 2002) . In the latter context, the Spo11-p53 ϩ/Ϫ mice and then bred offspring to generate cohorts transesterase initiates meiotic DSBs that induce formaof H2AX and 5B). These translocations occurred tumorigenesis in a p53-deficient background, a conclusion further substantiated by detailed analyses of H ϩ/⌬ P Ϫ/Ϫ lymin an orientation that would generate a dicentric 12;15 chromosome and that would promote c-myc amplificaphomas (see below) and confirmed by an independent study (Celeste et Table S5 ). Southern blotting Based on SKY and fluoresence in situ hybridization revealed two nonamplified, rearranged J H alleles and (FISH), H ⌬/⌬ P Ϫ/Ϫ pro-B cell lymphomas 590 and 698, like two rearranged S regions, one of which was amplified the vast majority of NHEJ-/p53-deficient pro-B cell ( Figures 4A and 4D ). Nucleotide sequencing of the amplilymphomas, had clonal, nonreciprocal C12;15 transfied 855 junction revealed that S was rearranged prelocations, normal chr 12s, and, respectively, clonal cisely into an unmapped sequence (GA_x6K02T01LGS) C15;12;15 and C15;12;16 complicons ( Figure 3C ; Supon the Celera database ( Figure 5B ). Overall, these data plemental Table S5 Table S5 ). Southern were located at the C12;15 junction, with potential duplication of both IgH and c-myc sequences ( Figure 3E ; data blotting revealed two nongermline J H alleles, neither of which was amplified ( Figure 4A ). In addition, Southern not shown). We cloned and sequenced the C12;15 translocation junction and confirmed that it involved IgH seand FISH analyses revealed no amplification of the IgH region or c-myc (Figures 4B and 4C ; data not shown). quences between C␦ and S␥3 fused into c-myc exon 1 in an orientation that would form a standard C12;15 transloWe conclude that all currently characterized H ϩ/⌬ P Ϫ/Ϫ B lineage tumors are distinct from those observed in the cation reminiscent of those found in Burkitt's lymphomas (Figures 5A and 5B) .
context of NHEJ/p53 deficiency. They represent more mature stages of B cell development and also involve The third B lineage tumor (690) that developed in Table S2 ), some H ϩ/⌬ P Ϫ/Ϫ thymic lymphogenomic instability and cancer incidence, in the absence of p53, is particularly intriguing and has both clinical mas may arise due to combined effects of reduced H2AX plus p53 deficiency, while others arise simply from (see below) and mechanistic implications. Thus, normal (biallelic) H2AX expression levels are crucial for its funclack of p53. H 
H2AX-Deficient and Haploinsufficient
Lymphoid Tumors H ⌬/⌬ P Ϫ/Ϫ thymic lymphomas arise very early and do not, despite numerous clonal translocations, routinely have translocations involving chromosomes that harbor TCR loci. Therefore, H ⌬/⌬ P Ϫ/Ϫ thymic lymphomas may involve chromosomal abnormalities that arise via aberrant repair of general DSBs in rapidly dividing, developing thymocytes; this might mask lymphomas that could arise later in development due to TCR␣ translocations. H2AX/ p53 deficiency may lead to S phase abnormalities via defective BRCA1-mediated repair in the absence of H2AX and lack of Chk2-mediated apoptosis in the ab- on chromosome 11 at 11q23, a region that exhibits LOH 
